Article presents the results of the effect of humidity on early shrinkage of normal concrete with variable W/C ratio. As known for a long time, shrinkage is dependent of many factors. One of them is the W/C ratio and the quantity of water which is located in the concrete mix. In article there were discussed changes taking place in the concrete mix, the methods of research and the partial results obtained by the authors of the paper. Shrinkage is a phenomenon well known and studied by various research centers. The total amount of shrinkage may depend on various factors such as humidity, temperature, composition of the concrete mix, the W/C ratio, the size of the item. The study was conducted to determine the amount of shrinkage in its early stages. It is very important for concrete fl oors contractors, precast manufacturers to start at the right time fi nishing work and prevent the formation of shrinkage cracks.
INTRODUCTION
Concrete shrinkage problem was raised by several authors, starting from specialists in chemistry and ending with engineers. The development of concrete technology in recent years, the introduction of chemical additives, plasticizers and superplasticizers, mineral additives and production of concrete with high and ultra-high strengths, B. Klemczak [1] , M. Kaszyńska [2] , T. Zdeb [3] , M. Kosior-Kazberuk [4] necessitated the creation of a wider view on the shrinkage of concrete and opened a new fi eld of research. The authors of this publication belong to the group of people dealing with this issue both in cognitive and application terms, for example, for industrial fl oors localized on the ground. Innovation in the presented results of the study was examining the shrinkage at various stages: the initial shrinkage containing swelling, chemical shrinkage (contraction) and plastic, followed by expansion, and second contraction (shrinkage during drying).
IMPACT OF W/C RATIO AND MOISTURE CONDITIONS ON EARLY SHRINKAGE OF CONCRETE
Shrinkage is dependent on many parameters, which include: the W/C ratio, type of aggregate and its amount in the concrete mix, the type and amount of cement, climatic conditions in which the concrete is cured, the type of used addition and mineral admixture. The higher is the W/C ratio the bigger is the shrinkage of concrete, which is associated with the amount of water that must be evaporated from the concrete mix. J.J. Brooks [5] demonstrated that shrinkage of hydrated grout is directly proportional to the W/C ratio in the range of 0.2 -0.6. At higher values additional water is removed during drying without shrinkage effects. Not without signifi cance is dosing of plasticizers and superplasticizers lowering the water content in the mixture. The primary effect is indirect and relies on the fact that the admixtures can change the water content of the mixture or cement, or both these components, and the combined action of these changes infl uence the shrinkage effect. The amount and type of cement signifi cantly infl uences the shrinkage of concrete, but the shrinkage of the cement grout is different from the shrinkage of the concrete. Greater shrinkage of clean grout does not necessarily mean greater shrinkage of concrete made from the same cement. P.C. Aictin [6, 7] , W. Kurdowski [8] , A.M. Neville [9] .
With the constant W/C ratio, with increasing amounts of slurry per volume unit, the concrete shrinkage increases. It is connected with a higher content of water in the concrete, and a lower content of the aggregate, whose presence reduces shrinkage. Concrete shrinkage is always much lower than the shrinkage of the cement paste with the same value of W/C ratio. It is very important to know if the cement paste hydrates with an external water source or not. When there is no external source of water, in a closed system cement paste dries without weight loss and shrinks. Water present in the thick capillaries, which energy is small, is easy pulled out through the nanopores formed by chemical shrinkage. When the W/C ratio of a closed system is high, the initial amount of water is large and the capillary have a large diameter because cement particles initially are far apart. Due to this fact, many grains of cement starts hydration parallel, drying very fi ne capillaries can lead to tensile stress, which contract laitance. If the hydratation of the slurry with a low W/C ratio is carried out in the presence of an external water source, as long as the water phase is continuous meniscus are not formed, and there is no self shrinkage. W. Kurdowski [8] , A.M. Neville [9] .
While keeping concrete in water or concrete curing in a humidity of about 99%, swelling phenomenon occurs. Swelling of concrete made from cement of standardized chemical composition is mainly due to the phenomenon of adsorption of water by the gel. The water adsorbed by the gel having a large specifi c surface produces an increase in the internal pressure between the particles that wipes over them on longer distances. At the same time water adsorbed on the surface of the gel reduces its surface energy, which leads to further expansion.
In 1998-2001, there were conducted in Magnel Laboratory for Concrete Research of Ghent University (Belgium) extensive research on shrinkage of concrete of industrial fl oors made on the ground. Ratings of concrete shrinkage was carried out in laboratory conditions at a constant temperature and relative humidity as well as in the open space with the real variable environmental conditions P. De Pauw [10] .
The study used fi ve types of concrete mixes and one cement CEM III / A 42.5 LA in quantities of 320 kg. To the mixtures there were added superplasticizers at rate of 1.5% mc.(mass of cement). From the concrete there was made 10 concrete slabs measuring 4.5 x 4.5 m and of thickness of 0.15 m (Slabs were reinforced by mesh 6 of jacketed 0.15 x 0.15 m) and 0.13 m (the last two discs with reinforcement distributed 50/1 mm in an amount of 30 kg/m3). Shrinkage measurements were performed on samples with dimensions 0.15 x 0.15 x 0.60 m and directly on 10 slabs. For all types of concrete, samples were divided into two groups: some of them were cured for more than two years in a climate chamber with fi xed parameters (20 °C, 60% RH), some of them were left on the concrete slabs -samples were infl uenced by the changing weather conditions. The shrinkage levels were in line with expectations: shrinkage is steadily growing, and the values after 3 days -0 mm / m, after 28 days -0.3 mm / m, after 300 days -0.5 mm / m, later -0, 5 to 0.6 mm / m. Shrinkage for all types of concrete, was the same. The same samples exposed to the direct effects of weather had signifi cantly lower shrinkage values (range +0.1 mm / m to -0,2 mm / m) and the differences between the concrete C1 (320 kg cement without additives) and C4 (375 kg cement, superplasticizer) were signifi cantly higher P. De Pauw [10] .
Periodically were observed both the swelling and shrinkage ( Figure 1 , 2) which inspired the authors to model these effects in a climatic chamber and at varying relative humidity (from 35% to almost 99%). 
CONCRETE SHRINKAGE TEST STAND DESCRIPTION
Concrete shrinkage is a phenomenon scientifi cally well-known and well-documented. It is closely associated with physicochemical processes extending in the cement paste. Shrinkage of concrete is called the reduction of the volume of concrete resulting from the loss of water by drying. Previous measurements of shrinkage concerned hardened grouts (mortar, concrete) and was carried out from 1-2 days of hardening. New quality of measurements have been created by experiments of S. Miyazawa and E. Tazawa of 1995 [11, 12] , and later T. Nawa and T. Horita [13] and the authors of the years 2004 to 2012, J. Jasiczak, P. Szymański [14, 15, 16] , wherein the shrinkage of concrete is measured from the time of earning ingredients with water, initially using sensors with metric scale and later electronically. Author's research of shrinkage include also studies from mixing the ingredients with water. This allows to take into account the different phases of shrinkage: from plastic shrinkage, chemical, autogenous to drying shrinkage. Previous studies of concrete shrinkage did not take into account wider phenomenon of shrinkage of the concrete mix from the point of mixing with water, their value was not measured with such accuracy and frequency as it was done by authors. Metric readers was changed to potentiometric sensors which measure accurately the current voltage in the connection continuously by sensors placed in the concrete. The test stand consists of: measuring apparatus of Magelab, environmental chamber, the bus terminal, assist device -computer, including equipment, uninterruptible power supply, sensor calibrator micrometer, potentiometric sensors for the measurement of shrinkage, temperature sensors, humidity sensors. Kit prevents the need for time consuming measurement using displacement sensors with the possibility of advanced computer processing of collected data.
Changing the length of the sample result in a change of the parameters of the electric current which, after the calibration, are processed automatically into units of length. Measurement using the sensor so constructed has many advantages. First of all, it is possible to measure the shrinkage of the concrete immediately after mixing components of a mixture with water. There are possible measurements of chemical shrinkage, plastic shrinkage and shrink of hydratate grout. Reading of the shrinkage may be made every two seconds, and the results are recorded digitally. The disadvantage of set-up is unusual sensitivity to changes in ambient temperature and relative humidity, so the result should be corrected by introducing a factor related to external parameters. Concrete samples are placed in a climate chamber, the temperature and relative humidity in the chamber is controlled by a built-in microcomputer, which keeps the value on a constant, predetermined level during the entire cycle. Such conditions can be maintained for several months and can be changed at any time. Test samples for shrinking have dimensions: 250x100x20 mm (length, width, height). Measuring length l = 190mm is entrenched nature of the attachment of sensors contraction (Figure 3) .
The testing potentiometric sensors are used to measure voltage of the current fl owing continuously through the detectors. Change of the length of the sample result in change of the parameters of the electric current which, after the calibration are processed into unit of length. The results are recorded by the program numerically. Shrinkage measurement is carried out in Volts. To change it on the unit of length scaling of displacement sensors was performed. The kit also includes measurement software AT-EWIN so that it is possible to store, process and processing data in order to determine the amount of shrinkage of concrete (Figure 4) . (Table 1 ) Amount of cement in all mixtures was constant, the percentage of aggregates was also constant at the level of: 33% sand 0 -2 mm, 36% aggregate 2 -8mm, 31% aggregate 8 -12mm.
The only variable parameter was W/C ratio which was: 0.35, 0.45, 0.55. Composition of concrete mixtures and compressive strengths are given in Table 2 . During the study of shrinkage samples were stored in a climatic chamber where constant conditions were prevailed for the whole study. Samples were kept at 20°C, relative humidity of 35%, 85%, and closed in foil(relative humidity about 99%). There were also evaluated the samples initially stored in a climate chamber, for 24 hours in foil and after removing foil saying in the climate chamber in proper relative humidity. Figures 4, 5, 6 shows time of the binding and the compressive strength of cement. 
THE COURSE AND RESULTS OF THE RESEARCH-CONCRETE SHRINKAGE
During the shrinkage test samples were stored in a climatic chamber in which constant conditions prevailed throughout the test cycle. Samples were kept at 20°C, relative humidity of 35%, 85%, and closed in foil(relative humidity almost 99%). Results are given in 3 groups. The fi rst group shows the dependence of linear shrinkage -time for concrete with a constant W/C ratio cured in three intervals of humidity. The relationships are shown in Figure 7 to 9.
In the second group sample of W/C ratio = 0.35, 0.45 and 0.55 kept in the chamber in the foil were drawn after 24 hours and still left in the chamber at 35% relative humidity. The samples showed initial swelling and later shrinkage increased in proportion to the increasing W/C ratio ( Figure. 10 ).
In the third group, measurement results are summarized also in the system linear shrinkage -time for concrete with variable W/C ratio but cured at three different periods of moisture. The results are shown in Figures 11, 12, 13 . 
ANALYSIS OF THE TEST RESULTS
The study shows that the W/C ratio signifi cantly affects the volume of shrinkage, regardless of the humidity. In Tables 3 and 4 , there are given values of early shrinkage where the variable parameter was the size of W/C ratio. The presented results show the relationship between the size of W/C ratio and the shrinkage of concrete, and the relationship between the moisture in which concrete is stored and the W/C ratio on the size of the early shrinkage. The fi gures 14 and 15 show the two dependencies. 5. CONCLUSIONS
5.1.
Constructed by the authors of the paper test stand for continuous registration of the linear shrinkage of the concrete, immediately after its production, proved to be an effi cient tool for the quantitative assessment of these processes. Adopted dimensions 20x100x250 mm concrete samples made it possible to study the standard concrete mix of the grain size of 12 mm. One could increase the thickness of the sample into a 40 mm and use aggregate of size of 20 mm but there is a fear of failure of uniformly humidity fi led at the height of the concrete cross-section and thereby to obtain different shrinkage deformation. Adjustable frequency measurements from two seconds to several minutes allows the precision of the measurement depending on the phase of contraction .
5.2.
Research on shrinkage deformations during drying made in Magnel Laboratory demonstrated their high volatility, depending on the environmental conditions (the same deformation of the concrete from 0.2 to -0.2 mm/m). Studies on the fl ooring slabs with dimensions 4,5x4,5 m performed cyclically using geodetic techniques and using dial gauges on the beams. It is not known whether extreme behaviors were accurately determined. Author's apparatus enables continuous measurement of the deformation with not only obtaining extreme shrinkage values, but also designate the time intervals of occurrence .
5.3. Satisfactory data for the study of the shrinkage and for the purpose of application are given in Tables 3 and 4 . The tables include intervals of particular phases of contraction and characteristic shrinkage values for them. The fi rst phase of the contraction takes 4.5 hours, and even up to 11.5 hours, depending on the W/C ratio and humidity conditions. Contraction of this phase is the largest and ranges from 0.15 to 1.94 mm/m. Time of expansion is also variable and ranges from a few to several hours, and the average contraction in this period is almost close to 0. Such a "calming" of concrete is used by cement fl oor contractors, scuffi ng the surface and performing apparent expansion joints. After this period, the second contraction is observed, i.e. drying shrinkage, which receives a much lower level than plastic shrinkage (range 0.13 to 0.34 mm/m). The total shrinkage of young concrete is very large and is not acceptable for the designers and contractors of construction. Hence the recommendation for production of concrete mixes with low W/C ratio and intensive water care or the creation of conditions to reduce evaporation of water from the maturing concrete (protective fi lms, sprayers, etc.).
5.4
Laboratory work confi rmed all the known dependence between W/C ratio and shrinkage like: the higher the W/C ratio, the greater the value of the total contraction of the concret; the higher the W/C ratio, the greater duration of the expansion; plastic shrinkage duration depends on the size of the W/C ratio and humidity conditions in which concrete is stored; plastic shrinkage of concrete is higher for concrete stored in the lower humidity, for humidity of 35%, the higher is the W/C ratio, the drying shrinkage is greater, for humidity of 85% this relationship is reversed; drying shrinkage increased with the increase of the W/C ratio. With the increase of humidity relationship was becoming reversed; the lower the W/C ratio, the larger swelling phenomenon of concrete stored in the foil, but when the sample was taken out of foil the drying shrinkage was always the same irrespective of the moment of taking out.
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